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 ŶȥŦ-¦Ʒ"ƽǏB-ǌ
ATCC American Type Culture Collection 
AVED  ataxia with vitamin E deficiency 
BSA bovine serum albumin 
CDP cytidine diphosphate 
Cho choline 
CDP-DAG CDP-diacylglycerol 
CL cardiolipin 
COX cytochrome c oxidase 
CTP cytidine triphosphate 
DAG diacylglycerol 
DOPC 1,2-dioleoyl-sn-glycero-3-phosphocholine 
DOPE 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine 
DOPS 1,2-dioleoyl-sn-glycero-3-[phospho-L-serine] 
EDTA Ethylenediamine-N,N,N’,N’-tetraacetic acid 
EGFP enhanced green fluorescence protein 
EMC endoplasmic reticulum membrane protein complex 
ER endoplasmic reticulum 
ERMES  endoplasmic reticulum-mitochondria encounter structure 
ESI electorospray ionization 
Etn ethanolamine 
EUROSCARF EUROPEAN SACCAROMYCES CEREVISIAE ARCHIVES 
FOR FUNCTIONAL ANALYSIS 
FFAT two phenylalanines in acidic tract 
FRET fluorescence resonance energy transfer 
HOPS homotypic fusion and vacuole protein sorting complex 
IPTG isopropyl-b-D-1-thiogalactopyranoside 
LTP lipid transfer protein 
MCS membrane contact site 
NAA 1-naphthaleneacetic acid
NVJ nucleus-vacuole junction
OSBP oxysterol binding protein
ORD OSBP-related domain
ORF open reading frame
PA phosphatidic acid
PBS phosphate buffered saline
PC phosphatidylcholine
PE phosphatidylethanolamine
PG phosphatidylglycerol
PGP phosphatidylglycerol phosphate
2
PH domain pleckstrin-homology domain 
PI phosphatidylinositol 
PI3P phosphatidylinositol-3-phosphate 
PI(3,4)P2 phosphatidylinositol-3,4-bisphosphate 
PI(3,5)P2 phosphatidylinositol-3,5-bisphosphate 
PI4P phosphatidylinositol-4-phosphate 
PI(4,5)P2 phosphatidylinositol-4,5-bisphosphate 
PLOA protein lipid overlay assay 
PMME phosphatidylmonomethylethanolamine 
POPA 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphate
PS phosphatidylserine
S1P sphingosine-1-phosphate
SDS-PAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis
Ser serine
SFH Sec Fourteen Homolog
SMP synaptotagmin-like mitochondrial-lipid-binding protein
START steroidogenic acute regulatory protein-related lipid transfer
TBS Tris buffered saline
TLC thin-layer chromatography
TIM translocase of the inner membrane
TOM translocase of the outer membrane
VAP vesicle-associated membrane protein-associated protein
vCLAMP vacuole and mitochondria patch
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 Ƶ¤ǽ/ĀŶǁ-ǻȬɐĥ-<>Ĳŋ@ǣǹ.ÀɌ*ĉƻB6"LNj
}.ÀɌBǣǹȬ?/ĉɌ*ɣ(?ǣǹ-*%(Ŀɮ.ŋÆ)?Ƶ¤ǽ/ǣǹ
;LNj} .ƊǺBž").ɐȓ,ÕĐÝŀ.ă;ƭȬŅĂ.;>*
>.ăBŜ¨?
 Ƶ¤ǽBƇŋ?ǻȬŋÆ-/R~]~ǻȬ (~ǻȬ)[pFVǻȬ
ǞǻȬ[e,+1,000Bȯ?ǒ.ǽǻȬďú?*șA@(?Ʈ-~
ǻȬ/ű:Ċďú?ǽǻȬ)?Ƶ¤ǽ.ȓƇŋŋÆ)?~ǻȬ-/
 .ƅŁɰɌ.ƇȾ=&.ǒɳďú?ÅȂɎƒSaccharomyces cerevisiae-
(/u[pDcZU~ (PC)u[pDcZJakEx (PE)u[pD
cZGkYg (PI)u[pDcZ]~ (PS)MZL~o (CL)ȓ,~
ǻȬ)? (Fig. 0-11)Ɍ.ǣȄ)PCPIȔ=@,*§ĉ/?Óƭ
=ǣȄ6)¼(.ƵƭĀŶǁ-5@=.~ǻȬBƵ¤ǽ.ȓƇŋŋÆ*(ÉƷ
(>¼(.Ƶƭ-(~ǻȬ/ɩĨ-ɐȓ,ĵÎBœ%(?*?
 Ƶ¤ǽ/ƭƳǁÕĐǁ-ŁȬ.ƾ,?Ċƈ,ǒ.ǽǻȬ.ǥŋBĈÕ?5*
)ƢĭĈÕǙ-<?ǻȬǽ.ǅȲǐ,+-ĝŀłĨŁBǪŕ?6"Ƶ¤ǽ/
PE;CL.<-ƅŁɰɌ.WG\Ġǽ-ůƱBƵ7ÅǻȬBÉƷ(ǽ.Ĳ
ŉBċĈÕ?*ǲ=@(?ǣǹ;LNj}/Ƶ¤ǽ5.<-b
GixdQ-ǽƇȾBĈÕ?5*)ƴĄ.ĈÕ-ĝŀ?
 Ũ)Ƶ¤ǽ/ȉä*ÆȎBǰ>ȹ(>ĲƯ/Ĩ-Óǁ,Ưŉ-?§
0ĠǹȴȻ-?ÅȂ*ȉäLNj}.ÆȎ*ȉäǣǹ.ÆȎŚä,+-
(Ƶ¤ǽ/bGixdQ,ǽƇȾ.ÁǬŋBȋ%(?Ƶ¤ǽ.ƇȾĈÕ/Ŭə
ǁǕəǁ-ǭĚ,ÊĺBà(>~ǻȬ:ǥŋÆħBĈÕ?5*-<>
Ƶ¤ǽ.ƇȾĈÕ-ę?*ǲ=@(?
 =-Ƶ¤ǽ)/ƈ	,ǒ.ǻȬ¾ď?)ȖïŁ.ɸǻȬÆĎåć
ǅ¥Ʒ?5*-<>ƮŁ.ƾ,?wGQhzGĲŋ@?*ǲ=@(
?wGQhzG/Ɍ.amQȬ.Ģú;ƊǺ-ɐȓ,ĵÎBž" .
Ýŀ.ăBŜ¨">YRi¡Ʌ.ÒƱÕ-ę">?6"u[uGkY
ch;[pFVǻȬ/GTPase,+.ƊǺamQȬ.ȤǛ÷Ď*(¶5*; 
@=.ƛƵ¤]Mhzd]Z|*(¶5*ǈ=@(>ǽǻȬ/ǣǹ
ÀŅĂ¡Ʌ-:ɚ?~ǻȬ.):Ʈ-PS;PAu[uGkYch,+.ɏŁ
ǻȬ/ǻȬÆĎ-Ʈƾǁ-ǧä?amQȬBƵ¤ǽ-~Qg?¶BŲ
 @=.ǻȬ.ĢŌǁ,Æħ.ŬəǁǕəǁÊĺ-<>ǣǹÀ.ƈ	,r][-ɚ
?5*Ăë@(?
4
<>4#$=.
PS 
 PS/ƅŁɰɌ-]~BŲ?ǻȬ)?PS/ȪɨȃBŲǣǹǽ.Àĥ³-Ċ
ďú?ɏŁǻȬ)>PCPI*åƈ-ǻȬɐĥBƇŋ?PS/S. cerevisiae
.CDP-DAGǦȰ-(PEPC.Ëɶ¤*(ÉƷ@?4PSǿ¤:Ɍ.ǽa
mQȬ.ƚŁ;2[g[-ŀǚ"Pkc1.ƚŁÕ3,+-ɚ(?PS/ÅȂɎ
ƒ-(ƵǸ-Ŀɮ)/,PSäŋƋŞƁ/SjfFǦȰB"PEPC.äŋ
BƵǸ-Ŀȓ*?
PE 
 PE/ƅŁɰɌ-JakExBŲ?ƵǸ-Ŀɮ.ŁGLŁ.ǻȬ)?
PE/ƅŁɰɌĠǅ-ƕǢǧäBĲŋ;5*=ĨƢ)pH5-8.ƕ
-(ȼ¢.sOWViƇȾ (HIIƇȾ)B*>Ĺ?*ǲ=@(?PE/xgU
h~E.ƊǺ;ĲŉǪŕ-Ŀɮ)PEƋƯŉ.xgUh~E/íéƊǺƋŞ*,?
6"PE/Atg8*.¾ŲǧäB(LgpDZ-Ŀɮ.ĵÎBž"">R
~UYu[pDcZGkYg (GPI)EMäŋ.ɄǑ)u[uJakE
xB¨">?,+ǣǹÀ.ƈ	,r][-Ʈƾǁ&ɐȓ,ĵÎBœ
PC 
 PC/ƅŁɰɌ-U~BŲ(>PE*åƈ-ŁGLŁ.ǻȬ)?PC/
PE*Ɠȳ?*3&.zcĀBŲ(?Æ<>ċ,ƅŁɰɌBŲ¿ýǁ,Y~
bý.ƇȾB*?ɐĥƇŋǻȬ)?PC/S. cerevisiaeǣǹÀ.~ǻȬ.
)ű:ďúɒĊǻȬ)?PC/Ƶ¤ǽ.ȓƇŋ÷Ď*#),ǻȬz
d]Z|.~Xl*(.ƊǺ:Ų?PC/u[u~m^D-<>PA-
u[u~m^C-<>ZEYR~] (DAG)-u[u~m^A-<>~`
PC*ɂɦǻǷɏ-ÐƕÆȘ@?5@=.ƶƭ/@:ŅĂ¡Ʌ-ɚ?ǻȬ
)?§0ǹĎĲŋ.ɄǑ)/u[u~m^DƚŁBŲ?Spo14-<?PAƶ
Ƶ.ĀȬ-,?45.<,ŁȬ=PC/ƵǸ-Ŀɮ.ǻȬ*ǲ=@?S. 
cerevisiae/Ƶ¤À-/Ŷźďú,u[pDcZrmkExBPC.Ű
*(ÉƷƵǸ)?*Ăë:?5 
PI 
 PI/ƵǸ-Ŀɮ.ȪɨȃBŲ?ɐĥƇŋǻȬ)?PI/ǽ.Ƈŋ÷Ď*,?
#),GPIEM.äŋ-ÉƷ@">YRi¡Ʌ-ɚ?u[uGkY
ch.ËɶƭȬ*,%">?6"S. cerevisiae-(PI.GkYg/[pF
VǻȬ.äŋ-ÉƷ@?
5
CL 
 CL/xgUh~E.ƊǺ-Ŀɮ,~ǻȬ)-xgUh~EÀǽ-Ģú
?CL/íéɔȒä¤.đĔÕƚŁÕxgUh~E.ĲŉǪŕ-ɚ?CL/
S. cerevisiae.ƵǸ-Ŀɮ)/,xgUh~E.PEäŋɎǢPsd1*CLäŋɎǢ
Crd1.ŨBƋč?*ǣǹ/ȀƎ*,?CL/R~]ɷƃB2&Ų(>ƅ
ŁɰɌĠHIIƇȾB*?
u[uGkYch
 u[uGkYch/PI.GkYgƴ~ɏÕ¯ɵBà?5*)äŋ@?
u[uGkYch/ǣǹÀ.ďúɒ/ġ,ƵǸ-ɐȓ)?S. cerevisiae-
ďú?u[uGkYch/PI3PPI(3,5)P2PI4PPI(4,5)P2)> .):PI4P
.äŋɎǢBUh?PIK1STT4*PI4P=PI(4,5)P2Bäŋ?ɎǢBUh?
MSS4/ƵǸ-Ŀɮ)?5*=PI4PPI(4,5)P2/ƵǸ-Ŀɮ)?*ǲ=@?u
[uGkYch/Fig. 0-2-ǌ<-ƮĔ.ǽ-ĢúamQȬBǄǁ.ǽ-~
Qg">]Mhzd]Z|.GkYg~ɏB¨">?5*
)ƈ	,ǣǹr][.Êĺ-ɚ?6"ȸĩ)/u[uGkYchBÉƷ
?5*-<>ƧĭÔɍ-ȼ=%(ǻȬBǽə)ĠǹȴȻɩ©ďǁ-ȴȻ?*{
f:Ŝó@(?6, 7 
<>4
=.*'R
 ǻȬÆĎ/ǣǹÀ)ü-Æħ(>ãLNj}/ @!@ƾ,%"ǻȬǥ
ŋBŲ? (Fig. 0-2, Table. 0-18)~ǻȬ-&(:§0PS/ǣǹǽ-ĊĢú
CL/xgUh~E-.7Ģú?,+±%"ÆħBǌ6"ǻȬÆĎ/ǻȬ
ɐĥ.Àĥĉĥə-(:ɩĝǏ-Æħ(>§0ǣǹǽ)/PS;PEÀĥ
³-ĊÆħ(?5*ǈ=@(?5.<,LNj}*.6"Ƶ¤
ǽÀĥĉĥə.±%"ǻȬÆħ/LNj}.ƮŁ;ƊǺ-ɐȓ)?*ǲ=@(
?LNj}*.ƾ,?ǻȬǥŋ/ǻȬ.ĢŌǁ,äŋ*ȦÜ1ŨæŁB:
%"ȴȻ-<>Ĳŋ@Ǫŕ@?*ǲ=@(?6"ǽ.Àĥĉĥə.ɩĝ
ǏÆħ/ǻȬɐĥ.Àĥĉĥə)ǻȬÆĎBȴȻ?g}[M^-<>Ƶ
7Å@Ǫŕ@?*ǲ=@(?9 
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 S. cereisiae-(~ǻȬäŋ-ɚ?ɎǢ/45¼(åĔ@(? (Fig. 0-
3)S. cereisiae-?~ǻȬäŋǦȰ)/6R~]~ɏ-2&.EY
ɔɭƌȲǐ@u[pDcZɏ (PA)äŋ@?ǩ(PA*CTP=Ġǹ¤
.CDP-ZEYR~] (CDP-DAG)äŋɎǢCds16"/xgUh~E.Tam41
6
-<>CDP-DAGäŋ@?CDP-DAGǦȰ)/Ġǹ¤.PIäŋɎǢPis1CDP-DAG
-myo-GkYgBÐ(PIBĠǹ¤.PSäŋɎǢPss1CDP-DAG-L-]~B
Ð(PSBäŋ?PS.Ɍ/xgUh~EÀǽ-Ģú?PSǼƨɏɎǢPsd1
6"/Jh_y-Ģú?Psd2-<>Ǽƨɏ@PE2*Ĉŝ@?PE.Ɍ/
Ġǹ¤.PEzcÕɎǢPem1Pem2-<?3Ƒɢ.zcÕBà(PC*,?6"
xgUh~E-(/CDP-DAG.Ɍ/Pgs1-<>u[pDcZR~]
~ɏ (PGP)-Ĉŝ@=-PGP/Gep4-<?Ǽ~ɏÕBà(u[pDcZ
R~] (PG)*,?PG*CDP-DAG=Crd1-<>CLäŋ@?=-CL
/u[u~m^)?Cld1*EYg}[pI}^)?Taz1-<?EYɔ.
~{f~RBàŋƫ"CL-,? 
 5@=.ǦȰ.-PEPC-ɚ(/SjfFǦȰB"äŋ:ȋA@?Ja
kEx/ǣǹȬ)Eki1-<?~ɏÕBàu[uJakEx*,>
Ect1-<>CTP*ÝŀCDP-JakEx-Ĉŝ@?űķ-Ġǹ¤.Ept1-
<>DAG-Ð@PE*,?U~:6"åƈ-ǣǹȬ)Cki1-<?~ɏÕB
à(u[uU~2=-Cct1-<>CDP-U~2Ĉŝ@Ġǹ¤6"/VZ
¤-Ģú?*ǲ=@(?Cpt1-<>DAG-Ð@(PC*,?SjfFǦȰ)
/PE;PC.ÆȘ-<>Ƶ"JakExu[uJakExU~u
[uU~:PEPC.Áäŋ-ÉƷ@?*ǲ=@?6"Dpl1-<?[pFV
Y-1-~ɏ (S1P) .ÆȘ=Ƶ"u[uJakEx:PE.äŋ-ÉƷ@
?
 6"CL#), ..~ǻȬ:u[u~m^*EYg}[pI}
^-<?EYɔ.~{f~RBà?5*ǈ=@(?S. cereisiae-?~
ǻȬEYɔ.~{f~R.ŇǱ*(/ɏÕ,+-<?ɥėBà"EYɔB
ɠÛ¯Ļ?5*;ɴïĭ.ƾ,?EYɔ*ŝ?5*)ǽ.ƜÓŁBĈÕ
">?5*)?*ǲ=@(?
 ț.*>~ǻȬ.äŋ-ɚ?ɎǢ/ @!@ƮĔ.LNj}-ÆŤ
(Ģú(? ."9CDP-DAGǦȰ-<?ǻȬäŋ)/PS;PE.ÒƱǁ,ȴȻ
PE;PC.äŋ-ɐȓ)?*ǲ=@? (Fig. 0-4)  
 u[uGkYch/PI.GkYgƴ.ƕɏĀ.~ɏÕ-<>äŋ@?PI3P
/Jh_y;Ɲǹ.PI-3Oi^Vps34-<>PI.GkYgƴ.3’¢.ƕɏĀ
~ɏÕBà(äŋ@?=-PI3P/Ɲǹ.PI3P-5Oi^Fab1-<>5’¢
~ɏÕBàPI(3,5)P2*,?VPS34FAB1/+$=:ƵǸ-Ŀɮ)/,ǊĆ-
<>ƵǸ.ńÕ7=@?ŨPI4P/VZ¤.Pik1?/ǣǹǽ.Stt4Ɲǹ.
Lsb6.3ǒ.PI-4Oi^-<>PI.4’¢~ɏÕBà(äŋ@? .$Pik1
Stt4/ƵǸ-Ŀɮ)?PI4P/ǣǹǽ.PI4P-5Oi^Mss4-<>PI4P.5’¢~
ɏÕ@PI(4,5)P2*,?Mss4:ƵǸ-Ŀɮ)? 
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 ÅȂɎƒ-(ǻȬ.äŋ*Ȧ.Êĺ/.4&.t)ȋA@?*ǲ=
@(?
ǻȬäŋɎǢɚȿɊ¡Ď.ȲÂÊĺ
 ǻȬäŋɎǢ.ƚŁÊĺ
 ǻȬ.ÆȘ
 ǻȬ.ȴȻ
 5@=.äŋȦÊĺƊƇ.$	.~ǻȬäŋɎǢɚȿɊ¡Ď.ȲÂÊĺ-
ɚ(/ȲÂƚŁÕ÷ĎIno2-Ino4*ȲÂŏÊ÷ĎOpi1-<?ȲÂÊĺ-&(<ǉ
ǔ@(>6"ȲÂƚŁÕ÷ĎVid22PSD2.ȲÂBÊĺ?5*Ăë@(
?10Ũ)--ɚ?ǈȔ/ġ,.~ǻȬȴȻ-ɚ(/Ġǹ¤)äŋ
@"PS.xgUh~E11, 12Jh_y13ǣǹǽ62.ȴȻƊƇ-&(.Șż
Ăë@(?ŵȘū.ɌÆ:ĊƏ@(?
=.1-
 ǣǹÀ-?LNj}ə.ǻȬȴȻƊƇ*(/.4&ǲ=@? 
ǻȬÆĎ.ǿƹŔŤ
 ĠǹȴȻB"ǻȬ.ǐÓ
 zqUaQgWGg (MCS)B"ȴȻ 
 ǻȬȴȻamQȬ (LTP) -<?ǻȬÆĎ.ǐÓ 
	 ǻȬÆĎ.ǿƹŔŤ-&(
 ǻȬÆĎǿǀǁ-ǽ=őƕĥ-ŔŤǽ*ȉä?Ýŀ-<?ǐÓ)
?4*C+.ǻȬÆĎ/ƕ-ƥ-"9ǿƹŔŤ-<?ǻȬÆĎ.ȴȻ/ɩĨ
-ɁɩÒƱǁ)?*ǲ=@(?
 ĠǹȴȻB"ǻȬ.ǐÓ-&(
 ȴȻĠǹ)/hi.LNj}ǽ=Ĳŋ@"ĠǹaTdg.LNj}
ǽ-ȉä?"9lQ, (& =ɉŒŁ/ @4+ɸ,)ǻȬȴȻáǺ
)?*ǲ=@(?Ũ)ĠǹȴȻɚȿɊ¡Ď.Ĉƾ;ȇÌÄƳ-<>Ġǹȴ
ȻBɝė(:ǻȬ.ǐÓ/²ƍ,5*=14ĠǹȴȻ-©ď,ȴȻƊƇď
ú?5*ū=-,%(?6"ķȺ?<-xgUh~E2.ǻȬȴ
Ȼ;xgUh~E=.ǻȬȴȻ-/ĠǹȴȻ/ɚ,*ǲ=@(?
 MCSB"ǻȬ.ȴȻ-&( 
 MCS*/ƾ,?LNj}.ǽ*ǽȸŚ(?ȉä/(,ɯþ)Ġ
ǹ¤*xgUh~E11Ġǹ¤*ǣǹǽ15Ġǹ¤*VZ¤16Ƃǽ*Ɲǹ17Ɲǹ*
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xgUh~E18, 19,+ƈ	,LNj}ə)ȗĜ@(?MCS-(LNj}
ə.ƭȬŝȋA@?*ǲ=@(>ǻȬ;MYHyGL,+.ȴȻ2.ɚ
Ŝó@(?§0Ƃǽ*Ɲǹ-ə-Ĳŋ@?Nucleus-vacuole junction (NVJ)
/Ƃǽ.Nvj1*Ɲǹǽ.Vac8-<>Ƈŋ@?NVJ-/[eȴȻ-ɚ
?*ǲ=@(?Osh1Ģú?5*=NVJ-([eȴȻȋA@?
áǺŁǲ=@(?20"#ǽȸŚ(?#)ǻȬÆĎ.ǐÓȮ5?
+/ū)?5.<,5*=MCS*ķȺ.LTP×Ȥ(¶">LTPǿ
¤MCS.Ĳŋ-ɚ">?{f:Ŝó@(?21 

 Ŷǉǔ*ɚ¬?UaQgWGgBĲŋ?÷Ď-&(ǜƽǁ-ȡū? 
ERMES (Endoplasmic Reticulum-Mitochondria Encounter Structure) Ȓä¤/Ġǹ¤-xg
Uh~Eə)UaQgWGgBĲŋ?5*ǌò@(?ERMES/xgU
h~E.ĲŉxgUh~EDNA.Ǫŕ-ɚ?5*Ăë@(?11ERMES
/Ġǹ¤ǽ-Ģú?Mmm1xgUh~Eĉǽ-Ģú?Mdm10Ü1Mdm34x
gUh~EìǮɌ-Ģú?Mdm12=,?Ȓä¤)xgUh~Eĉǽ-Ģú
?GTPase.Gem1-<?ÊĺBà?22ERMES.ǻȬȴȻ2.ɚ-ɚ(/Ġǹ¤
)äŋ@"PS.xgUh~E2.ȴȻ-ERMESɚ?*Ăë?Ũ
)11 @BçĔ?ǧž:Ăë@(?236"ERMESxgUh~E)äŋ
@"PE.Ġǹ¤2.ȴȻ-ɚ?*Ʃ-&(:ƗĔǁ,ǧž/Å(=
24ERMES~ǻȬȴȻ-ɚ?*5*-&(/ƗǇ/&(,6
"ERMES/Óƭ,+ɸǙǆƂƵƭ-/®ď@(,
EMC (Endoplasmic Reticulum Membrane Protein Complex) /ERMES*/ưǖ(Ġǹ
¤-xgUh~Eə-UaQgWGgBĲŋ?5*ǌò@"Ȓä¤)?12
EMCBERMES*åŬ-Ƌč?*ȀƎ*,?Ġǹ¤-xgUh~EəB¬Ƽ
?"9.ĦamQȬChiMERA.ǀƲ-<>ƵǸöĻ?12EMCpDx~-
Ĥ?Emc1-Emc6xgUh~Eĉǽ.Tom5*ǅ¥Ʒ?5*)Ġǹ¤*xgU
h~EBŚȸ?*ǲ=@(?EMCpDx~amQȬBUh?6&.
Ɋ¡Ď.$.5&BǊĆ?*xgUh~E.PSPEɒƠġíéƊǺBč
5*=EMC-<?UaQgWGgB"xgUh~E2.PSȴȻŜó@
"
vCLAMP (Vacuole and Mitochondria Patch) /Ɲǹ*xgUh~Eə)Ĳŋ@?U
aQgWGg*(2&.Rr-<>Ăë@"18, 19vCLAMP.Ƈŋ÷Ď-/J
h_y*Ɲǹ.ȉä-ɚ?HOPSȒä¤.Ƈŋ÷Ď):?Vps39*GTPase)
?Ypt7è6@?*ǲ=@(?vCLAMP*ERMESBåŬ-ƋŞ?*ȀƎ*
,>xgUh~E2.MCSB"ƭȬȴȻ/ɩĨ-ɐȓ)?*ǲ=@?
vCLAMP*ERMESBŹĈƾƁ-<>åŬ-ƋŞ?*xgUh~E.~ǻȬ
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ǥŋĈÕ?5*=vCLAMP*ERMES/xgUh~E2.~ǻȬȴȻ-ɚ
?*ǲ=@(?
Vps13
 Vps13/ËǹĎǽĲŋ;Ɲǹ2.amQȬȴȻ,+-ɚ?ĊƊǺamQȬ)
>ǆƂƵƭ)ī®ď@(?Vps13/Jh_y-xgUh~Eə)U
aQgWGgBĲŋ?5*Ăë@"25=-Vps13/xgUh~Eĉǽa
mQȬ)?Mcp1*.ǅ¥ƷB(Ɲǹ-xgUh~E)UaQgWGgBĲ
ŋ?5*:Ăë@"26Vps13*ERMES.ɐƋŞ/ȀƎ*,>ERMESØưƋŞ-
<?ȍƲý/VPS132.ƩĈƾ.ğ»;MCP1.ɸǀƲ-<>lGm[@?5*=
Vps13-Mcp1-<?xgUh~E*Ɲǹ (?/Jh_y).UaQgWGg
/xgUh~E2.ƭȬȴȻ-ɐȓ)?*ǲ=@?
Sfh4
 Sfh4/ķȺ.LTPpDx~)?Sec14pDx~-ĤJh_y.Psd2*ǅ
¥Ʒ?5*Ăë@"276"psd1DƁ-(SFH4BǊĆ"Ɓ/RU[
ÿû-(:JakExȓƖŁBǌ"5*=Sfh4/Psd2.in vivo.ƚŁ-
ɐȓ)?5*ǌò@"13Sfh4/áƥŁamQȬ)?Jh_y.Psd2
.2&.C2hzG*ǧä=-Pbi1*.ǧäB(Ġǹ¤.Scs2*əŚǁ-ǅ
¥Ʒ?5*)Ġǹ¤*Jh_yBǯƼ?*ǲ=@(? .UaQg
WGg-(Ġǹ¤ǽ)äŋ@"PS /ÒƱǁ-Psd22ȴȻ@?*{f
Ŝó@"PBI1BǊĆ(:psd1DƁ/JakExȓƖŁBǌ,
%"5*=Sfh4-Pbi1əǅ¥Ʒ/Psd2ƚŁ-Ŀɮ)/,5*ǌò@286"
Sfh4.in vitro ).PSȴȻƚŁ:7=@(=13Ġǹ¤-Jh_yə).PS.ȴȻ
ƊƇ/ŵ#Șū@(,
 LTP-<?ǻȬÆĎ.ȴȻ-&( 
 LTP/ǻȬÆĎBhiǽ=Įőlipid transfer domain (LTD) -<>Ƈŋ@
?ƿƕŁvSdg-Þǡ(ƕĥBɃşEQ]raǽ-Ř»?ǺÏBŕ&a
mQȬ)>5.ŁȬBÉƷ(ǣǹÀ)ǻȬBȴȻ?*ǲ=@(?LTP-
<>~Nh.ƮƾŁƾ,>~ǻȬ[e]}xh,+.ȴȻǺBŲ
?LTP5@6)-Ȕ&%(?LTD.ƇȾ-<>LTP.pDx~ĔǱ@
Sec14OSBP (oxysterol-binding protein)pDx~,+ȍǁ,pDx~)?LTP
.-/LTD.-Ċƈ,hzG;{cpBŲ?:.> .<,hz
G;{cpBǽ*.ǅ¥Ʒ-ÉƷ?*ǲ=@(?
 °	.LTP.ǻȬȴȻǺ-ɚ(/in vitro).Șż-<>ǌ@("ĕɤ-ǣǹ
À)ǻȬȴȻBœ%(?5*Ȝū@"LTP/ġ,6"LTP-<?LNj}
.ȟȧ;ȴȻ.ŨæŁ.ƗĔ+.<-,@?ċ,ȣɱ*(Ə@(
?
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5@6)-ȘżȋA@("LTP-&(ȍǁ,§Bǌ 
CERT
 CERT/ñÓƭ-®ď@"amQȬ)LTD*(START (steroidogenic acute
regulatory protein-related) hzGBŲ?Ġǹ¤=ķųVZ¤2]}xhBȴȻ
[pFVxJ~2.ĈŝBśɀ?*ǲ=@(?CERT/in vivo-?
Ɖȧ]}xhBƷ"Șż=ǣǹÀ)]}xhBȴȻ?5*ǌò@(?29,
30CERT/u[uGkYch*.ǧä-ɚ?PH (pleckstrin homology) hzGB
(VZ¤*6"Ġǹ¤-Ģú?amQȬVAP (vesicle-associated membrane 
protein-associated protein) *.ǅ¥Ʒ-ɚ?FFAT{cpB(Ġǹ¤*ǅ
¥Ʒ?*ǲ=@(?31Ɏƒ-/CERT.L_R/ȔÅ@(, 
OshpDx~amQȬ
 OshpDx~amQȬ/LTD*(ORD (Oxysterol binding protein-related domain)
BŲ?S. cerevisiae-/OshpDx~amQȬ*(Osh1=Osh7.7°.am
QȬďú?Osh1Osh2Osh3/ORD.-PHhzG;FFAT{cpBŲ?
Osh4Osh5Osh6Osh7/ORDĉ-ǈ=@"hzG;{cpBŲ,Osh
amQȬBUh?Ɋ¡ĎBØư)ǊĆ(:ƵǸ-Ĵɫ/,7&¼(BǊĆ
?*ȀƎ*,?5*=OshpDx~amQȬ/ɐȒ"ƊǺBŲ?*ǲ=
@?Osh4/Ħǽə)[eBȴȻ?ǺÏBŲ?5*Ăë@(?32
Osh6Osh7/Ġǹ¤=ǣǹǽ2.PSȴȻ-ɚ?5*Ăë@(>6OshpD
x~amQȬ-¾Ƚ"ƊǺ/ŵȘū)?
Sec14pDx~amQȬ
 Sec14pDx~amQȬ/LTD*(CRAL-TRIOhzGBŲ?S. cerevisiae
-/ Sec14pDx~amQȬ*(Sec14* 5&. Sfh (Sec fourteen homolog)a
mQȬďú?Sec14/ƵǸ-Ŀɮ)?.-ĝ5&. Sfh/Ƌč(:ƵǸá
Ǻ)?5*=Sec14/Ʈƾǁ,Ŀɮ.ƊǺBŲ?*ǲ=@?6"Sec14p
Dx~amQȬBUh?Ɋ¡Ď/5@6)-TkyȘȢ@"¼(.ǆƂ
Ƶƭ=Ȕ&%(?5*=ǆƂǣǹ-*%(ɐȓ,ƊǺBŲ(?5*
ņ@?
 SEC14/ÆƘ-ƋŞBŕ&sec14Ɓ.ĈƾBǅȐ?Ɋ¡Ď*(Øɦ@"ƵǸ-Ŀ
ɮ.Ɋ¡Ď)>Sec14/VZ¤=.ÆƘƊƇ-ɚ?*ǲ=@(?Sec14
;Sfh1.ǧŮƇȾȘż=CRAL-TRIOhzGƿƕŁvSdgBƇŋvSdg
À-~ǻȬ;ƻɪƚŁÌ,+.~NhŘ»@?5*ǌò@"Sec14/in
vitro)PI;PCBȴȻ?ƚŁBŲ?5*ǌ@(?33PI;PCB .ƿƕŁv
Sdg-Ř»(ƕĥBȴȻ?*ǲ=@(?ŨSfhamQȬ:PIȴȻƚ
ŁBŲ?PCȴȻƚŁ/ɩĨ-į?/ŕ",5*Ăë@(?34
Sec14/in vitro)PIȴȻƚŁBŕ&5*;Sec14ƋŞ-<>PI4PƠġ?5*=35
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ǣǹÀ)PIBVZ¤.PI-4Oi^)?Pik1-Ŝǌ?5*)PI4PäŋB­ɀ?
*{fŜó@(?35Osh4/PI4PBPIPu[pDa^Sac1Ģú?Ġǹ
¤-ȴȻ?5*)PI4P.ÆȘB­ɀ?ƊǺBŕ&5*Ŝó@(?OSH4.
ǊĆ-<>Sec14ƋŞlGm[@?5*:5.{fBšŕ?*ǲ=@?36
Sec14.PIȴȻƚŁ-ƋčBŕ&Ĉƾ¤in vivo)Sec14*(.ƊǺBǪŕ?*
Ăë>375.{f)/Sec14.ƊǺBĒ¼-ȡū?5*/),*ǲ
=@?6"Sec14in vitro)PCȴȻƚŁBŲ?5*SjfFǦȰ-?PCäŋ
ɚȿɎǢɊ¡Ď.ǊĆSec14ƋŞBlGm[?5*=38Sec14/PC.ȦBȤǛ
?5*-<%(YRi~RǻȬ)?DAG.ďúɒ.Êĺ-ɚ?*ȡ:Ŝó
@(?5@=lGm[Ĉƾ.ğ»-<?ƵǸ.öĻĭä/ɌÆǁ,:
.)>Sec14.ƵǸ-Ŀɮ.ƊǺ*Sec14pDx~amQȬ.ǣǹÀ).ƵƳǁ
,ƊǺ-&(/ŵȘū,ɌÆĊƏ@(?
a-TTP
 a-TTP/ñɳ-®ď@"Sec14pDx~amQȬ.ǒ)ǶǾǣǹ)a-gU
pI (naxE) .ȊƦ2.ÆƘ-ɚ?5*Ăë@(?39a-TTP/
LTD*(CRAL-TRIOhzGBŲ?Ūǈ.LNj}ƉǁhzG;{cp
BŲ,a-TTP/in vitro)a-gUpIBǽə)ȴȻ?ƚŁBŕ&5*Ăë
@(?a-TTPBUh?Ɋ¡Ď/AVED (ataxia with vitamin E deficiency) .Ú÷
Ɋ¡Ď)> .Ńǳ.TkyȘż<>åĔ@"a-TTP.Ĉƾ¤.-u[uGk
YchPI(3,4)P2;PI(4,5)P2*.ǧäƋŞBǌ:.ďú"5@=.Ĉƾ¤/in vitro
).a-gUpIȴȻƚŁ/Ǫŕ("in vivo)/ƊǺBča-gUpI
ÆƘȠğ@,%"5*=a-TTPǣǹÀ)ƊǺ?)u[uGkYc
h*.ǧäɐȓ)?5*ǌò@"40LTP/ƿƕŁvSdg-ĝ(
Ȇ*,
?ɯþBŲ?5*ǧŮƇȾȘż=Ŝó@(>ƕĥ)~Nh*,?ǻȬ
BȴȻ?ɤ/ȆBɗ( (Closed conformation) ǻȬ.ƜÅBɜǽ*ǅ¥Ʒ?
ɤ/ȆBɘ( (Open conformation) ǻȬ.ß>ȷ7;Ř»Bȋ*ǲ=@(?ǧ
ŮƇȾȘż=a-TTP/u[uGkYch*ǧä"Ưŉ)/ȆOpen*Close.ə
.Ưŉ)?5*ǌò@"5*=40u[uGkYch*.ǅ¥Ʒ/a-gUpI
BŘ»(ɗ("ȆBɘÒž?*ņ@"
=.1-+9&)(
 Ⱥ.<-ǣǹÀǻȬȴȻ.ȘūɁ@(?5*.Ƴƹ*(ǽə.ǻȬȴ
Ȼ.Șżƙɞ=@(?*5*ŗ=@?ǻȬȴȻ.Șż-Ʋú-Ʒ=
@(?ōƙ*(/
ĉɌ=ƉȧǻȬBǣǹ-ß>ȷ6( .ŗÓBȗĜ? (in vivo) 
 ǻȬäŋ@"LNj}=È.LNj}2ȴȻ@ĈŝBà?ăä 
.ĈŝÒƱBȘż?5*-<>ǻȬȴȻBȝª? (in vivoin vitro) 
12
 Ħǽ (~v_y);ǝȑLNj}BƷ(hiǽ=EQ]raǽ2.
ƉȧǻȬ.ȴȻBȝª? (in vitro) 
ŗ=@?
 	/ǣǹǽ.ĉĥÀĥəȴȻ.ȝª;ǣǹǽ=Ġǹ¤,+.ǣǹÀLNj
}2.ȴȻ.ȝª-ÉƷ?5*)?5.ŨƙɈƷ)?./ǣǹǽ
=.ȴȻ.Șż-ɞ=@(>ǣǹÀLNj}ə.ǻȬȴȻ.Șż-/ɈƷ)
,6"JhWGgY[Ǚ.ĠǹȴȻ.Ĵɫƪȕ),*ôɱ:? 
 /§0Ġǹ¤)äŋ@"PSxgUh~E)PE-Ĉŝ@?ÒƱBƣĔ
?5*-<>Ġǹ¤=xgUh~E2.PS.ȴȻBin vivoin vitro)ȝª?*
<-Ǆǁ.ǻȬ.ĈŝBÉƷ(ǻȬ.ȴȻBȝª?Ũƙ)?5.ōƙB
ÉƷ(ȴȻ.ȘżBȋ%"ȥŦ:Ċǀȍ@(?ȴȻBȝª)?ǻȬ*L
Nj}ƅ9(ɞĔ@(?6"LNj}-<%(/ĠǹȴȻ.Ĵɫƪȕ
),5*ĝȩ*,?ǻȬ.äŋÒƱ£ăä-ȴȻBȘż?5*ɧ,
+.ôɱ:?
 /ŢĞŁå¢¸Ǣ;ȈºÆĎ)Ɖȧ"ǻȬ.hiǽ=EQ]raǽ2.
ǐÓBȘż?Ũƙ)?Ʈ-~ǻȬ.ȴȻBȝª?ăäȴȻ?ǻȬ.Ʈƾ
Łɸăä-/ôɱ,~Nh*,?ǻȬǒĊăä-/LNj}ǽ;~
v_yǽBƇŋ?ǻȬ6)ȴȻ(6"9ȴȻÒƱ.ȝªɧ*ô
ɱƵ?6"ƉȧǻȬ.ǒɳɞ=@(?*ôɱ:?
 =-LNj}ə.ǻȬȴȻ-/Ȓť.ƊƇ;ǦȰ?ăä:ĊǻȬȴȻ
-ɚ?5*ņĔ@?÷ĎBƋŞ(:.ƊƇǦȰ-<?ȴȻȋA@
?"9ȝªøɧ)?*ôɱ:?
=.
 xgUh~E/¼(.ǆƂǣǹ-ďúQJɏöȰɏÕǁ~ɏÕ,+ǣ
ǹ.JjPȦ-(ɐȓ,ÝŀȋA@?õē)?xgUh~E/Jj
PȦ.-:Ɍ.ǻȬ;u{.äŋEvgY[.Êĺ,+-:ɚ
?ǻȬ/5@=.xgUh~E.ƊǺ-:ɐȓ,ĵÎBž"(>§0
PE;CL/íéɔȒä¤.đĔÕ;ƚŁ-Ŀȓ)?41, 426"PE;CL/ǽɨ¢.Ǫŕ
-:Ŀȓ)>Ƌč?*xgUh~E.ȉä-ƋŞƵ43TOMȒä¤;TIMȒ
ä¤B"xgUh~E2.amQȬȴȻ£?5*41, 44Ăë@(? 
 )Ⱥ3"<-xgUh~E.PEÜ1CL/xgUh~EÀǽ-Ģú?
Psd1Crd1-<>äŋ@ÉƷ@?xgUh~E-?PEäŋ.ĀȬ*,?
PS;CLäŋ.ĀȬ*,?PA/Ġǹ¤)äŋ@?"9xgUh~E2ȴȻ@?Ŀ
ȓ?6"PE;CLĉ.ǻȬ-&(:.LNj})äŋ@?"9xg
Uh~E2.ȴȻĿɮ)?S. cerevisiae-(xgUh~E*.LNj
}.ə)ĠǹȴȻȗĜ@,5*=5@=.ǻȬ/ĠǹȴȻ-©ď,ƊƇ
-<>ȴȻ@?*ǲ=@?ĸ%(xgUh~EBĝȩ*"ǻȬȴȻ/Ġ
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ǹȴȻ.ĴɫBǲ?Ŀȓ,6"xgUh~EǻȬ.ƾĨ/íéƊǺ-Ĵɫ
?ăä>xgUh~E2.ǻȬȴȻBíéBĿȓ*?ɩǀɎŁƨǢƤÿû
).ƵǸ-<>ǜ«-ȝª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Zinser E. and Daum G. Yeast 11, 493-536 (1995)
Sub-cellular fraction
% of total phopholipid
PC PE PI PS CL PA others
Plasma membrane 16.8 20.3 17.7 33.6 0.2 3.9 6.9
Secretory vesicles, sec1 (sec6-4) 35.0 (37.6)
22.3 
(19.5)
19.1 
(19.5)
12.9 
(16.8) 0.7 1.2
8.8 
(6.7)
Golgi ~26 ~25 ~27 ~24 - - -
Heavy microsomes 45.2 21.9 11.4 8.0 1.0 4.1 5.6
Light microsomes 49.6 22.6 8.0 9.6 0.7 2.1 4.5
Nucleus 44.6 26.9 15.1 5.9 <1.0 2.2 4.3
Vacuoles 46.5 19.4 18.3 4.4 1.6 2.1 7.7
Peroxisomes 48.2 22.9 15.8 4.5 7.0 1.6 -
Mitochondria 40.2 26.5 14.6 3.0 13.3 2.4 -
Inner mitochondrial membrane 38.4 24.0 16.2 3.8 16.1 1.5 -
Outer mitochondrial membrane 45.6 32.6 10.2 1.2 5.9 4.4 -
Mitochondrial membrane contact 
sites 31.1 34.9 4.9 0.4 17.0 0.9 10.8
Lipid particles 36.4 20.0 31.6 5.4 ND 2.7 3.9
Table 0-1 出芽酵母における各オルガネラのリン脂質組成
17
Fi
g.
0-
3
出芽
酵母
にお
ける
リン
脂質
の合
成経
路
PI PS
C
D
P-
D
A
G
C
ds
1
Pi
s1
Ta
m
41
Ps
s1
/C
ho
1
Pg
s1
G
ep
4P
A
C
D
P-
D
A
G
PG
P
PG C
L
C
rd
1
Ps
d1
PE
Ps
d2
PE
Pe
m
1/
C
ho
2
Pe
m
2/
O
pi
3
Pe
m
2/
O
pi
3
PC
M
ito
ch
on
dr
ia
Et
n
Et
nP
C
D
P-
Et
n
C
ho
C
ho
P
C
D
P-
C
ho
Ec
t1
Ek
i1
C
ct
1/
Pc
t1
C
ki
1
C
pt
1
Ep
t1
K
en
ne
dy
 P
at
hw
ay
PI
(4
)P
Pi
k1
St
t4
M
ss
4
PI
(4
,5
)P
2
PI
(3
)P
PI
(3
,5
)P
2
Vp
s3
4
Fa
b1
D
pl
1
Ph
S1
P
18
Fi
g.
0-
4
出芽
酵母
にお
ける
リン
脂質
合成
にお
ける
輸送
の重
要性
Se
r;
se
rin
e、
Et
n;
et
ha
no
la
m
in
e、
C
ho
;c
ho
lin
e
19
 	
4

ŶǗ.ÀĘ/ĐȌȥŦ*(ÅƬ?Ĕ?"9½ȍ),
1ĩÀ-ÅƬĔ 
 
20
  	
4

ŶǗ.ÀĘ/ĐȌȥŦ*(ÅƬ?Ĕ?"9½ȍ), 
 ĩÀ-ÅƬĔ 
 
21
 1234

ŶǗ.ÀĘ/ĐȌȥŦ*(ÅƬ?Ĕ?"9½ȍ), 
5ĩÀ-ÅƬĔ 
  
22


 ŶǗ)/ǘ1Ǘ=ǘ3Ǘ.ÀĘ-&(ǫäǁ-Țȥ?Ŷǉǔ)/LNj}
ə~ǻȬȴȻƊƇ.ȘūBǄǁ*(S. cerevisiaeBƷ(ȘżBȋ%" 
 ǘ1Ǘ)/Sfh1.ƊǺȘżBȋ%"ǧžSfh1in vitro)PSBȴȻ?ƚŁBŲ?5
*ɎƒǣǹÀ)Sfh1/PSBè8ȓ~ǻȬ*ǧä(?5*ɸǀƲ-<>psd1D
.ɏÿû).ƵǸBöĻ?ƊǺBč%"Sfh1.PC/PEǧäƋŞĈƾ¤)/PCPE
#),PS*.ǧäǺ:£(?5*Sfh1/ǣǹȬ-Ð(ɌJh_
y-Ģú?5*ǌò@"6"psd1DƁ-(SFH1BǊĆ?*~ǻȬǥŋ
ĈÕɏÿû-?ƵǸńÕ?*ȍƲýȗĜ@" 
 ǘ2Ǘ)/Sfh1*Sec14.ƓȳȘżÜ15@=.Oz}amQȬBƷ"ȘżBȋ%
"ǧžSfh1*Sec14.ƊǺ.Ɇ/~ǻȬ*.ǧäǺ.Ɇ*ǣǹÀĢú.Ɇ
-Ȯ÷?áǺŁǲ=@"Sfh1.112-185ɯþpsd1DƁ.ɏÿû).ƵǸƋŞ.
ŏùPE;PC*.ǧäJh_y*.ǅ¥Ʒ-:ɐȓ)?áǺŁǲ=@"
=-Sfh1.LNj}ǅ¥ƷƊƇ.ȘūBǄǁ*(ǽǧäƋŞýĈƾ¤BßĹ
"Ĺ=@"Ĉƾ¤.&Sfh1K134E,G246D/ǣǹÀ)ǧä(?~ǻȬǒɒ-ĈÕ
/7=@,%"ǽƺÆ=ƄÅ@?Sfh1K134E,G246D.ɒƠġɸǀƲ-<>
psd1DƁ.ɏÿû).ƵǸBöĻ?ƊǺBč%("5*=K134*G246Sfh1
.LNj}ǽ*.ǅ¥ƷÜ1ƊǺ-ɐȓ)?*ǲ=@" 
 ǘ3Ǘ)/Sec14pDx~amQȬ.ǣǹÀ-?ƊǺ.Șū."9Sec14pD
x~amQȬB¼(ƋŞ"ƁB2ǒ¥ȑȘżBȋ%"SFH1-SFH5BǊĆ
?5*-<>sec14-1Ɓ.ƢĭňàŁńÕ"5*=Sec14pDx~amQȬ
ƵǸ-ɐȓ,ƊǺB¾Ų?5*ǌò@"=-Sec14.ƋŞƁ/ǣǹÀ-Ċɐ
ǽĠǹBȅǓ?**:-xgUh~E.Ĳŉ-ƾĨBǌ @=.ȍƲý:
SFHɊ¡Ď.ǊĆ-<>ńÕ"6"Sec14pDx~amQȬB¼(ƋŞ?5
*-<>ǣǹÀǻȬǥŋĈÕ?#),xgUh~E.~ǻȬ.ǥŋ*ɒ
Ơġ?5*:ū=-,%"5@=.ǧž=Sec14pDx~amQȬ~
ǻȬ.ȴȻ6"/äŋ;Ȧ.ÊĺB(xgUh~E.~ǻȬǥŋ*Ĳŉ-
ɚ?ƊǺB¾Ų?áǺŁǌò@"6"Sec14lGm[Ĉƾ-<>SFH1-5
B¼(ǊĆ"Ɓ-(:Sec14ƋŞ-<?ƵǸ¼BlGm[)?áǺŁǌò
@"ŶǗ)¥ȑ"ǒ	.Sec14pDx~amQȬ¼ƋŞƁ/Sec14pDx~
amQȬBØư)ǀƲƊǺBȘż?"9.r}dgpKy*(ķƚƷ
?5*ųĶ)? 
 ǘ1Ǘ*ǘ2Ǘ.ǧž=Sfh1Ġǹ¤=Jh_y2.PSBȴȻ?ƊǺBŕ
&áǺŁǲ=@"ıǉǔĖ.ĠŽ-<?Șż=SFH1ɸǀƲ-<>Psd2-<
?PEäŋBɀ?*ņ@" .Ȟǣ,ƊƇ/ū)%"öĹ=@"
ǧž=SFH1.ɸǀƲ-<>psd1DƁ.ɏÿû).ƵǸöĻ?Ƴƹ*(/Ġ
ǹ¤)äŋ@"PS.Jh_y2.ȴȻSFH1.ɸǀƲ-<>ąÐ @-<>
23
Psd2-<?PEäŋɀ@?*{f"(=@"6"Bankaitis=/SEC14
.¼TkyɐȒ-<>Ƶ"SFH1/ƊǺBč%"´Ɋ¡Ď)?*İ(?
ǘ1Ǘ.ǧž=SFH1ƵƳǁƊǺBŲ?áǺŁÇ9(ǌò@"öSfh1
in vitro) PEBȴȻ?ƚŁBŲ?-&(/ūǋ,ǧžĹ=@,%"
NBD-PE.~v_yə).ȴȻBȘż"ǧž)/Sfh1BƟÐ"ăä-/amQ
ȬBƟÐ,ăä;ƪɚ¬.amQȬBƟÐ"ăä*/ƾ,?µæmaBǌ
"5*=Sfh1PEBȴȻ?áǺŁ/ÖÆǲ=@ķ.=,?ƄȚųĶ
@?ƲúȘż.ɀC)?LTP.Ċ/LNj}ə)ǻȬ.ŝȴȻBȋ{f
Ŝó@(?21, 32LNj}ǽBąƐ"ăä-/ŝȴȻ)/Ǆǁ.L
Nj}ǽ.ǻȬBą;5*/),ƮĔ.ǻȬBƧĭÔɍ-ȼ=%(ȴȻ?
ăä,+-/ŝȴȻ{fɈ(?*ǲ=@(?ĸ%(Sfh1Ġǹ¤=
Jh_y2PSBȴȻPsd2-<%(äŋ@"PEBJh_y=Ġǹ¤2ȴ
Ȼ?*Sfh1-<?Ġǹ¤-Jh_yə).PS/PEŝȴȻ:ǲ=@?ɸǀ
Ʋ-<>psd1DƁ.ɏÿû).ƵǸBį)/?öĻ"Sec14;Psd22.PS
ȴȻ2.ɚĂë@(?Sfh4,+.Sec14pDx~amQȬ-&(:
PSPEȴȻƚŁ.ȘżBȋ5*)Ġǹ¤-Jh_yəPSPEȴȻƊƇ.Șūų
Ķ@? 
 Sfh1-<?ǣǹÀPSȴȻ.áǺŁǌò@"ǣǹÀ~ǻȬȴȻSec14pDx
~amQȬ.¾Ƚ.ƊǺ)?-&(/ǘ3Ǘ.ǧž=/ǧȥ'?5*/
),%"Bankaitis=/Sec14PI-4-kinase-PIBŜǌ?5*-<>PI4PäŋB­
ɀ?*{fBŜó(>=-Sec14ĉ-Sfh2;Sfh5:PI4PäŋÊĺ-ɚ
?áǺŁBĂë(?92u[uGkYch.äŋÊĺSec14pDx~a
mQȬ-¾Ƚ"ƊǺ/ū)?SFH1/ƩĈƾ.ğ»-<>sec14ĈƾƁ.ǣǹÀ
PI4PɒBöĻ?5*)?ɑƵý.SFH1/PI4PɒB4*C+ĈÕ,93
Sfh1.Ɍ/ɸǀƲ"ɤ-VZ¤-:Ģú?5*ǘ2Ǘ.ǧž=ǌò@"
in vitro).PI.ȴȻƚŁ/£*@?5*=:45Sfh1/PI4Päŋ-/ɚ,
áǺŁǲ=@?Ũ)ɀÕǁ-S. cerevisiae*ɇǮǒ)?ĲŋɎƒ.
Yarrowia lipolytica)/SEC14.u{RȄǟŋɖ.Êĺ-ɚ?5*Ăë@(
?94ıǉǔĖ.ơɋ-<?Șż)/SFH2u{R:Ȅǟŋɖ.Êĺ-ɚ?áǺ
Łǌò@SFH2u{R.ǊĆ-<>ǣǹǽ.PI4PƠġ?ƈĎȗĜ@(
? (ơɋŵǀȍ)Ȅǟŋɖ-(ƅŁ.ĲŋǪŕ-u[uGkYchɚ?ȡ
Ŝó@(>95, 96Y. lipolitica-(Sec14;Sfh2PI4PäŋÊĺ-ɚ(?á
ǺŁ:ǲ=@?5.5*=Ɍ.Sec14pDx~amQȬ.u[uGkYc
häŋÊĺ-ɚ?ƊǺ/Ɏƒ.ə)®ď@?ɐȓ,ƊǺ)?áǺŁ:ǲ=@
?Sec14pDx~amQȬ-¾Ƚ?ƊǺ*u[uGkYchäŋ.ɚȿ-&(
/=,?ȘżĿȓ)? 
 lGm[ĈƾBğ»?5*-<>SEC14pDx~Ɋ¡ĎB¼(ǊĆ"Ɓ¥ȑ
áǺ)@0 .Ɓ-(°	.Sec14pDx~amQȬBǀƲ(ȘżBȋ
5*)ãSec14pDx~amQȬ.ƊǺBū=-)?:@, 
24
 LTP-<?ǻȬ.LNj}əȴȻƊƇ/ .Șż.øɧ=ŵ#ŵȘū,ɌÆ
ĊLNj}*.ü,ǻȬǥŋ;ǻȬäŋȦÊĺƊƇLNj}Ü1
LNj}ǽ.łĨŁǪŕƊƇ,+.Șū."9-=,?ǀģųĶ@?Æɑ)
?ŶǉǔBɀ9Sec14pDx~amQȬ.ĵÎ;ÊĺƊƇBū=-)@0
Ƶ¤ǽ.ĲŋǪŕƊƇ.Șū-&,?ɐȓ,ǈȔĹ=@?5*ųĶ@? 
  
25
 
 
1. Kobayashi, S. ŻċĐċĐɟȶĐƵîǎĐǉǔǎÙćȥŦ 
ÅȂɎƒ-?u[
pDcZJakEx.Ȧ*ȴȻ-ɚ?ǉǔ. 2012. 
2. Nakamura, H.; Miura, K.; Fukuda, Y.; Shibuya, I.; Ohta, A.; Takagi, M., Phosphatidylserine 
synthesis required for the maximal tryptophan transport activity in Saccharomyces cerevisiae. Biosci 
Biotechnol Biochem 2000, 64 (1), 167-72. 
3. Nomura, W.; Ito, Y.; Inoue, Y., Role of phosphatidylserine in the activation of Rho1-related 
Pkc1 signaling in Saccharomyces cerevisiae. Cell Signal 2017, 31, 146-153. 
4. Mendonsa, R.; Engebrecht, J., Phospholipase D function in Saccharomyces cerevisiae. Biochim 
Biophys Acta 2009, 1791 (9), 970-4. 
5. Choi, J. Y.; Martin, W. E.; Murphy, R. C.; Voelker, D. R., Phosphatidylcholine and N-
methylated phospholipids are nonessential in Saccharomyces cerevisiae. J Biol Chem 2004, 279 (40), 
42321-30. 
6. Maeda, K.; Anand, K.; Chiapparino, A.; Kumar, A.; Poletto, M.; Kaksonen, M.; Gavin, A. C., 
Interactome map uncovers phosphatidylserine transport by oxysterol-binding proteins. Nature 2013, 501 
(7466), 257-61. 
7. Mesmin, B.; Antonny, B., The counterflow transport of sterols and PI4P. Biochim Biophys Acta 
2016, 1861 (8 Pt B), 940-951. 
8. Zinser, E.; Daum, G., Isolation and biochemical characterization of organelles from the yeast, 
Saccharomyces cerevisiae. Yeast 1995, 11 (6), 493-536. 
9. Montigny, C.; Lyons, J.; Champeil, P.; Nissen, P.; Lenoir, G., On the molecular mechanism of 
flippase- and scramblase-mediated phospholipid transport. Biochim Biophys Acta 2016, 1861 (8 Pt B), 767-
783. 
10. Miyata, N.; Miyoshi, T.; Yamaguchi, T.; Nakazono, T.; Tani, M.; Kuge, O., VID22 is required 
for transcriptional activation of the PSD2 gene in the yeast Saccharomyces cerevisiae. Biochem J 2015, 472 
(3), 319-28. 
11. Kornmann, B.; Currie, E.; Collins, S. R.; Schuldiner, M.; Nunnari, J.; Weissman, J. S.; Walter, 
P., An ER-mitochondria tethering complex revealed by a synthetic biology screen. Science 2009, 325 
(5939), 477-81. 
12. Lahiri, S.; Chao, J. T.; Tavassoli, S.; Wong, A. K.; Choudhary, V.; Young, B. P.; Loewen, C. 
J.; Prinz, W. A., A conserved endoplasmic reticulum membrane protein complex (EMC) facilitates 
phospholipid transfer from the ER to mitochondria. PLoS Biol 2014, 12 (10), e1001969. 
13. Wu, W. I.; Routt, S.; Bankaitis, V. A.; Voelker, D. R., A new gene involved in the transport-
dependent metabolism of phosphatidylserine, PSTB2/PDR17, shares sequence similarity with the gene 
encoding the phosphatidylinositol/phosphatidylcholine transfer protein, SEC14. J Biol Chem 2000, 275 
(19), 14446-56. 
14. Lev, S., Non-vesicular lipid transport by lipid-transfer proteins and beyond. Nat Rev Mol Cell 
Biol 2010, 11 (10), 739-50. 
15. Pichler, H.; Gaigg, B.; Hrastnik, C.; Achleitner, G.; Kohlwein, S. D.; Zellnig, G.; Perktold, A.; 
Daum, G., A subfraction of the yeast endoplasmic reticulum associates with the plasma membrane and has 
a high capacity to synthesize lipids. Eur J Biochem 2001, 268 (8), 2351-61. 
16. Ladinsky, M. S.; Mastronarde, D. N.; McIntosh, J. R.; Howell, K. E.; Staehelin, L. A., Golgi 
structure in three dimensions: functional insights from the normal rat kidney cell. J Cell Biol 1999, 144 (6), 
1135-49. 
17. Pan, X.; Roberts, P.; Chen, Y.; Kvam, E.; Shulga, N.; Huang, K.; Lemmon, S.; Goldfarb, D. S., 
Nucleus-vacuole junctions in Saccharomyces cerevisiae are formed through the direct interaction of Vac8p 
with Nvj1p. Mol Biol Cell 2000, 11 (7), 2445-57. 
18. Elbaz-Alon, Y.; Rosenfeld-Gur, E.; Shinder, V.; Futerman, A. H.; Geiger, T.; Schuldiner, M., 
A dynamic interface between vacuoles and mitochondria in yeast. Dev Cell 2014, 30 (1), 95-102. 
19. Hönscher, C.; Mari, M.; Auffarth, K.; Bohnert, M.; Griffith, J.; Geerts, W.; van der Laan, M.; 
Cabrera, M.; Reggiori, F.; Ungermann, C., Cellular metabolism regulates contact sites between vacuoles 
and mitochondria. Dev Cell 2014, 30 (1), 86-94. 
26
20. Kvam, E.; Goldfarb, D. S., Nvj1p is the outer-nuclear-membrane receptor for oxysterol-binding 
protein homolog Osh1p in Saccharomyces cerevisiae. J Cell Sci 2004, 117 (Pt 21), 4959-68. 
21. Chung, J.; Torta, F.; Masai, K.; Lucast, L.; Czapla, H.; Tanner, L. B.; Narayanaswamy, P.; 
Wenk, M. R.; Nakatsu, F.; De Camilli, P., INTRACELLULAR TRANSPORT. PI4P/phosphatidylserine 
countertransport at ORP5- and ORP8-mediated ER-plasma membrane contacts. Science 2015, 349 (6246), 
428-32. 
22. Kornmann, B.; Osman, C.; Walter, P., The conserved GTPase Gem1 regulates endoplasmic 
reticulum-mitochondria connections. Proc Natl Acad Sci U S A 2011, 108 (34), 14151-6. 
23. Nguyen, T. T.; Lewandowska, A.; Choi, J. Y.; Markgraf, D. F.; Junker, M.; Bilgin, M.; Ejsing, 
C. S.; Voelker, D. R.; Rapoport, T. A.; Shaw, J. M., Gem1 and ERMES do not directly affect 
phosphatidylserine transport from ER to mitochondria or mitochondrial inheritance. Traffic 2012, 13 (6), 
880-90. 
24. Kannan, M.; Sivaprakasam, C.; Prinz, W. A.; Nachiappan, V., Endoplasmic reticulum stress 
affects the transport of phosphatidylethanolamine from mitochondria to the endoplasmic reticulum in 
S.cerevisiae. Biochim Biophys Acta 2016, 1861 (12 Pt A), 1959-1967. 
25. Park, J. S.; Thorsness, M. K.; Policastro, R.; McGoldrick, L. L.; Hollingsworth, N. M.; 
Thorsness, P. E.; Neiman, A. M., Yeast Vps13 promotes mitochondrial function and is localized at 
membrane contact sites. Mol Biol Cell 2016, 27 (15), 2435-49. 
26. John Peter, A. T.; Herrmann, B.; Antunes, D.; Rapaport, D.; Dimmer, K. S.; Kornmann, B., 
Vps13-Mcp1 interact at vacuole-mitochondria interfaces and bypass ER-mitochondria contact sites. J Cell 
Biol 2017, 216 (10), 3219-3229. 
27. Riekhof, W. R.; Wu, W. I.; Jones, J. L.; Nikrad, M.; Chan, M. M.; Loewen, C. J.; Voelker, D. 
R., An assembly of proteins and lipid domains regulates transport of phosphatidylserine to 
phosphatidylserine decarboxylase 2 in Saccharomyces cerevisiae. J Biol Chem 2014, 289 (9), 5809-19. 
28. Kannan, M.; Riekhof, W. R.; Voelker, D. R., Transport of phosphatidylserine from the 
endoplasmic reticulum to the site of phosphatidylserine decarboxylase2 in yeast. Traffic 2015, 16 (2), 123-
34. 
29. Fukasawa, M.; Nishijima, M.; Hanada, K., Genetic evidence for ATP-dependent endoplasmic 
reticulum-to-Golgi apparatus trafficking of ceramide for sphingomyelin synthesis in Chinese hamster ovary 
cells. J Cell Biol 1999, 144 (4), 673-85. 
30. Funakoshi, T.; Yasuda, S.; Fukasawa, M.; Nishijima, M.; Hanada, K., Reconstitution of ATP- 
and cytosol-dependent transport of de novo synthesized ceramide to the site of sphingomyelin synthesis in 
semi-intact cells. J Biol Chem 2000, 275 (39), 29938-45. 
31. Hanada, K.; Kumagai, K.; Tomishige, N.; Yamaji, T., CERT-mediated trafficking of ceramide. 
Biochim Biophys Acta 2009, 1791 (7), 684-91. 
32. Raychaudhuri, S.; Im, Y. J.; Hurley, J. H.; Prinz, W. A., Nonvesicular sterol movement from 
plasma membrane to ER requires oxysterol-binding protein-related proteins and phosphoinositides. J Cell 
Biol 2006, 173 (1), 107-19. 
33. Bankaitis, V. A.; Malehorn, D. E.; Emr, S. D.; Greene, R., The Saccharomyces cerevisiae 
SEC14 gene encodes a cytosolic factor that is required for transport of secretory proteins from the yeast 
Golgi complex. J Cell Biol 1989, 108 (4), 1271-81. 
34. Li, X.; Routt, S. M.; Xie, Z.; Cui, X.; Fang, M.; Kearns, M. A.; Bard, M.; Kirsch, D. R.; 
Bankaitis, V. A., Identification of a novel family of nonclassic yeast phosphatidylinositol transfer proteins 
whose function modulates phospholipase D activity and Sec14p-independent cell growth. Mol Biol Cell 
2000, 11 (6), 1989-2005. 
35. Schaaf, G.; Ortlund, E. A.; Tyeryar, K. R.; Mousley, C. J.; Ile, K. E.; Garrett, T. A.; Ren, J.; 
Woolls, M. J.; Raetz, C. R.; Redinbo, M. R.; Bankaitis, V. A., Functional anatomy of phospholipid binding 
and regulation of phosphoinositide homeostasis by proteins of the sec14 superfamily. Mol Cell 2008, 29 
(2), 191-206. 
36. Li, X.; Rivas, M. P.; Fang, M.; Marchena, J.; Mehrotra, B.; Chaudhary, A.; Feng, L.; Prestwich, 
G. D.; Bankaitis, V. A., Analysis of oxysterol binding protein homologue Kes1p function in regulation of 
Sec14p-dependent protein transport from the yeast Golgi complex. J Cell Biol 2002, 157 (1), 63-77. 
37. Phillips, S. E.; Sha, B.; Topalof, L.; Xie, Z.; Alb, J. G.; Klenchin, V. A.; Swigart, P.; Cockcroft, 
S.; Martin, T. F.; Luo, M.; Bankaitis, V. A., Yeast Sec14p deficient in phosphatidylinositol transfer activity 
is functional in vivo. Mol Cell 1999, 4 (2), 187-97. 
27
38. Skinner, H. B.; McGee, T. P.; McMaster, C. R.; Fry, M. R.; Bell, R. M.; Bankaitis, V. A., The 
Saccharomyces cerevisiae phosphatidylinositol-transfer protein effects a ligand-dependent inhibition of 
choline-phosphate cytidylyltransferase activity. Proc Natl Acad Sci U S A 1995, 92 (1), 112-6. 
39. Traber, M. G.; Arai, H., Molecular mechanisms of vitamin E transport. Annu Rev Nutr 1999, 
19, 343-55. 
40. Kono, N.; Ohto, U.; Hiramatsu, T.; Urabe, M.; Uchida, Y.; Satow, Y.; Arai, H., Impaired α-
TTP-PIPs interaction underlies familial vitamin E deficiency. Science 2013, 340 (6136), 1106-10. 
41. Böttinger, L.; Horvath, S. E.; Kleinschroth, T.; Hunte, C.; Daum, G.; Pfanner, N.; Becker, T., 
Phosphatidylethanolamine and cardiolipin differentially affect the stability of mitochondrial respiratory 
chain supercomplexes. J Mol Biol 2012, 423 (5), 677-86. 
42. Zhang, M.; Mileykovskaya, E.; Dowhan, W., Cardiolipin is essential for organization of 
complexes III and IV into a supercomplex in intact yeast mitochondria. J Biol Chem 2005, 280 (33), 
29403-8. 
43. Joshi, A. S.; Thompson, M. N.; Fei, N.; Hüttemann, M.; Greenberg, M. L., Cardiolipin and 
mitochondrial phosphatidylethanolamine have overlapping functions in mitochondrial fusion in 
Saccharomyces cerevisiae. J Biol Chem 2012, 287 (21), 17589-97. 
44. Becker, T.; Horvath, S. E.; Böttinger, L.; Gebert, N.; Daum, G.; Pfanner, N., Role of 
phosphatidylethanolamine in the biogenesis of mitochondrial outer membrane proteins. J Biol Chem 2013, 
288 (23), 16451-9. 
45. Schnabl, M.; Oskolkova, O. V.; Holic, R.; Brezná, B.; Pichler, H.; Zágorsek, M.; Kohlwein, S. 
D.; Paltauf, F.; Daum, G.; Griac, P., Subcellular localization of yeast Sec14 homologues and their 
involvement in regulation of phospholipid turnover. Eur J Biochem 2003, 270 (15), 3133-45. 
46. Gietz, R. D.; Sugino, A., New yeast-Escherichia coli shuttle vectors constructed with in vitro 
mutagenized yeast genes lacking six-base pair restriction sites. Gene 1988, 74 (2), 527-34. 
47. Nikawa, J.; Kawabata, M., PCR- and ligation-mediated synthesis of marker cassettes with long 
flanking homology regions for gene disruption in Saccharomyces cerevisiae. Nucleic Acids Res 1998, 26 
(3), 860-1. 
48. Goldstein, A. L.; McCusker, J. H., Three new dominant drug resistance cassettes for gene 
disruption in Saccharomyces cerevisiae. Yeast 1999, 15 (14), 1541-53. 
49. Gietz, R. D.; Woods, R. A., Transformation of yeast by lithium acetate/single-stranded carrier 
DNA/polyethylene glycol method. Methods Enzymol 2002, 350, 87-96. 
50. Szewczyk, E.; Nayak, T.; Oakley, C. E.; Edgerton, H.; Xiong, Y.; Taheri-Talesh, N.; Osmani, 
S. A.; Oakley, B. R.; Oakley, B., Fusion PCR and gene targeting in Aspergillus nidulans. Nat Protoc 2006, 
1 (6), 3111-20. 
51. BLIGH, E. G.; DYER, W. J., A rapid method of total lipid extraction and purification. Can J 
Biochem Physiol 1959, 37 (8), 911-7. 
52. Schaaf, G.; Betts, L.; Garrett, T. A.; Raetz, C. R.; Bankaitis, V. A., Crystallization and 
preliminary X-ray diffraction analysis of phospholipid-bound Sfh1p, a member of the Saccharomyces 
cerevisiae Sec14p-like phosphatidylinositol transfer protein family. Acta Crystallogr Sect F Struct Biol 
Cryst Commun 2006, 62 (Pt 11), 1156-60. 
53. Houjou, T.; Yamatani, K.; Nakanishi, H.; Imagawa, M.; Shimizu, T.; Taguchi, R., Rapid and 
selective identification of molecular species in phosphatidylcholine and sphingomyelin by conditional 
neutral loss scanning and MS3. Rapid Commun Mass Spectrom 2004, 18 (24), 3123-30. 
54. Watanabe, Y.; Tamura, Y.; Kawano, S.; Endo, T., Structural and mechanistic insights into 
phospholipid transfer by Ups1-Mdm35 in mitochondria. Nat Commun 2015, 6, 7922. 
55. Miyata, N.; Watanabe, Y.; Tamura, Y.; Endo, T.; Kuge, O., Phosphatidylserine transport by 
Ups2-Mdm35 in respiration-active mitochondria. J Cell Biol 2016, 214 (1), 77-88. 
56. Baker, C. D.; Basu Ball, W.; Pryce, E. N.; Gohil, V. M., Specific requirements of nonbilayer 
phospholipids in mitochondrial respiratory chain function and formation. Mol Biol Cell 2016, 27 (14), 
2161-71. 
57. Gulshan, K.; Shahi, P.; Moye-Rowley, W. S., Compartment-specific synthesis of 
phosphatidylethanolamine is required for normal heavy metal resistance. Mol Biol Cell 2010, 21 (3), 443-
55. 
58. Balderhaar, H. J.; Ungermann, C., CORVET and HOPS tethering complexes - coordinators of 
endosome and lysosome fusion. J Cell Sci 2013, 126 (Pt 6), 1307-16. 
28
59. Birner, R.; Bürgermeister, M.; Schneiter, R.; Daum, G., Roles of phosphatidylethanolamine and 
of its several biosynthetic pathways in Saccharomyces cerevisiae. Mol Biol Cell 2001, 12 (4), 997-1007. 
60. Bürgermeister, M.; Birner-Grünberger, R.; Nebauer, R.; Daum, G., Contribution of different 
pathways to the supply of phosphatidylethanolamine and phosphatidylcholine to mitochondrial membranes 
of the yeast Saccharomyces cerevisiae. Biochim Biophys Acta 2004, 1686 (1-2), 161-8. 
61. Bankaitis, V. A.; Aitken, J. R.; Cleves, A. E.; Dowhan, W., An essential role for a phospholipid 
transfer protein in yeast Golgi function. Nature 1990, 347 (6293), 561-2. 
62. Moser von Filseck, J.; Vanni, S.; Mesmin, B.; Antonny, B.; Drin, G., A phosphatidylinositol-4-
phosphate powered exchange mechanism to create a lipid gradient between membranes. Nat Commun 
2015, 6, 6671. 
63. Holič, R.; Simová, Z.; Ashlin, T.; Pevala, V.; Poloncová, K.; Tahotná, D.; Kutejová, E.; 
Cockcroft, S.; Griač, P., Phosphatidylinositol binding of Saccharomyces cerevisiae Pdr16p represents an 
essential feature of this lipid transfer protein to provide protection against azole antifungals. Biochim 
Biophys Acta 2014, 1842 (10), 1483-90. 
64. Ghaemmaghami, S.; Huh, W. K.; Bower, K.; Howson, R. W.; Belle, A.; Dephoure, N.; O'Shea, 
E. K.; Weissman, J. S., Global analysis of protein expression in yeast. Nature 2003, 425 (6959), 737-41. 
65. Kulak, N. A.; Pichler, G.; Paron, I.; Nagaraj, N.; Mann, M., Minimal, encapsulated proteomic-
sample processing applied to copy-number estimation in eukaryotic cells. Nat Methods 2014, 11 (3), 319-
24. 
66. Kojima, R.; Endo, T.; Tamura, Y., A phospholipid transfer function of ER-mitochondria 
encounter structure revealed in vitro. Sci Rep 2016, 6, 30777. 
67. Voss, C.; Lahiri, S.; Young, B. P.; Loewen, C. J.; Prinz, W. A., ER-shaping proteins facilitate 
lipid exchange between the ER and mitochondria in S. cerevisiae. J Cell Sci 2012, 125 (Pt 20), 4791-9. 
68. Boldogh, I. R.; Nowakowski, D. W.; Yang, H. C.; Chung, H.; Karmon, S.; Royes, P.; Pon, L. 
A., A protein complex containing Mdm10p, Mdm12p, and Mmm1p links mitochondrial membranes and 
DNA to the cytoskeleton-based segregation machinery. Mol Biol Cell 2003, 14 (11), 4618-27. 
69. Chan, E. Y.; McQuibban, G. A., Phosphatidylserine decarboxylase 1 (Psd1) promotes 
mitochondrial fusion by regulating the biophysical properties of the mitochondrial membrane and 
alternative topogenesis of mitochondrial genome maintenance protein 1 (Mgm1). J Biol Chem 2012, 287 
(48), 40131-9. 
70. Jeong, H.; Park, J.; Jun, Y.; Lee, C., Crystal structures of Mmm1 and Mdm12-Mmm1 reveal 
mechanistic insight into phospholipid trafficking at ER-mitochondria contact sites. Proc Natl Acad Sci U S 
A 2017, 114 (45), E9502-E9511. 
71. Dowler, S.; Kular, G.; Alessi, D. R., Protein lipid overlay assay. Sci STKE 2002, 2002 (129), 
pl6. 
72. Kobayashi, S. ŻċĐċĐɟȶĐƵîǎĐǉǔǎÙćȥŦ 
EMȫÕŁɎƒ.
n-EMŀǚ-?Ɋ¡ĎǀƲÊĺƊƇ-ɚ?ǉǔ. 2012. 
73. Robzyk, K.; Kassir, Y., A simple and highly efficient procedure for rescuing autonomous 
plasmids from yeast. Nucleic Acids Res 1992, 20 (14), 3790. 
74. Cleves, A. E.; McGee, T. P.; Whitters, E. A.; Champion, K. M.; Aitken, J. R.; Dowhan, W.; 
Goebl, M.; Bankaitis, V. A., Mutations in the CDP-choline pathway for phospholipid biosynthesis bypass 
the requirement for an essential phospholipid transfer protein. Cell 1991, 64 (4), 789-800. 
75. Duex, J. E.; Tang, F.; Weisman, L. S., The Vac14p-Fig4p complex acts independently of 
Vac7p and couples PI3,5P2 synthesis and turnover. J Cell Biol 2006, 172 (5), 693-704. 
76. Li, S. C.; Diakov, T. T.; Xu, T.; Tarsio, M.; Zhu, W.; Couoh-Cardel, S.; Weisman, L. S.; Kane, 
P. M., The signaling lipid PI(3,5)P₂ stabilizes V₁-V(o) sector interactions and activates the V-ATPase. Mol 
Biol Cell 2014, 25 (8), 1251-62. 
77. Huang, J.; Zhu, H.; Haggarty, S. J.; Spring, D. R.; Hwang, H.; Jin, F.; Snyder, M.; Schreiber, S. 
L., Finding new components of the target of rapamycin (TOR) signaling network through chemical 
genetics and proteome chips. Proc Natl Acad Sci U S A 2004, 101 (47), 16594-9. 
78. Trotter, P. J.; Voelker, D. R., Identification of a non-mitochondrial phosphatidylserine 
decarboxylase activity (PSD2) in the yeast Saccharomyces cerevisiae. J Biol Chem 1995, 270 (11), 6062-
70. 
79. McCartney, A. J.; Zhang, Y.; Weisman, L. S., Phosphatidylinositol 3,5-bisphosphate: low 
abundance, high significance. Bioessays 2014, 36 (1), 52-64. 
29
80. Mousley, C. J.; Tyeryar, K. R.; Vincent-Pope, P.; Bankaitis, V. A., The Sec14-superfamily and 
the regulatory interface between phospholipid metabolism and membrane trafficking. Biochim Biophys 
Acta 2007, 1771 (6), 727-36. 
81. Cleves, A. E.; Novick, P. J.; Bankaitis, V. A., Mutations in the SAC1 gene suppress defects in 
yeast Golgi and yeast actin function. J Cell Biol 1989, 109 (6 Pt 1), 2939-50. 
82. Esmon, B.; Novick, P.; Schekman, R., Compartmentalized assembly of oligosaccharides on 
exported glycoproteins in yeast. Cell 1981, 25 (2), 451-60. 
83. Altmann, K.; Westermann, B., Role of essential genes in mitochondrial morphogenesis in 
Saccharomyces cerevisiae. Mol Biol Cell 2005, 16 (11), 5410-7. 
84. Fang, M.; Kearns, B. G.; Gedvilaite, A.; Kagiwada, S.; Kearns, M.; Fung, M. K.; Bankaitis, V. 
A., Kes1p shares homology with human oxysterol binding protein and participates in a novel regulatory 
pathway for yeast Golgi-derived transport vesicle biogenesis. EMBO J 1996, 15 (23), 6447-59. 
85. Tschopp, J.; Esmon, P. C.; Schekman, R., Defective plasma membrane assembly in yeast 
secretory mutants. J Bacteriol 1984, 160 (3), 966-70. 
86. Beh, C. T.; Cool, L.; Phillips, J.; Rine, J., Overlapping functions of the yeast oxysterol-binding 
protein homologues. Genetics 2001, 157 (3), 1117-40. 
87. van den Hazel, H. B.; Pichler, H.; do Valle Matta, M. A.; Leitner, E.; Goffeau, A.; Daum, G., 
PDR16 and PDR17, two homologous genes of Saccharomyces cerevisiae, affect lipid biosynthesis and 
resistance to multiple drugs. J Biol Chem 1999, 274 (4), 1934-41. 
88. Novick, P.; Field, C.; Schekman, R., Identification of 23 complementation groups required for 
post-translational events in the yeast secretory pathway. Cell 1980, 21 (1), 205-15. 
89. Geng, J.; Nair, U.; Yasumura-Yorimitsu, K.; Klionsky, D. J., Post-Golgi Sec proteins are 
required for autophagy in Saccharomyces cerevisiae. Mol Biol Cell 2010, 21 (13), 2257-69. 
90. Arakawa, S.; Honda, S.; Yamaguchi, H.; Shimizu, S., Molecular mechanisms and physiological 
roles of Atg5/Atg7-independent alternative autophagy. Proc Jpn Acad Ser B Phys Biol Sci 2017, 93 (6), 
378-385. 
91. Bissig, C.; Gruenberg, J., Lipid sorting and multivesicular endosome biogenesis. Cold Spring 
Harb Perspect Biol 2013, 5 (10), a016816. 
92. Mousley, C. J.; Tyeryar, K. R.; Ryan, M. M.; Bankaitis, V. A., Sec14p-like proteins regulate 
phosphoinositide homoeostasis and intracellular protein and lipid trafficking in yeast. Biochem Soc Trans 
2006, 34 (Pt 3), 346-50. 
93. Schaaf, G.; Dynowski, M.; Mousley, C. J.; Shah, S. D.; Yuan, P.; Winklbauer, E. M.; de 
Campos, M. K.; Trettin, K.; Quinones, M. C.; Smirnova, T. I.; Yanagisawa, L. L.; Ortlund, E. A.; 
Bankaitis, V. A., Resurrection of a functional phosphatidylinositol transfer protein from a pseudo-Sec14 
scaffold by directed evolution. Mol Biol Cell 2011, 22 (6), 892-905. 
94. Lopez, M. C.; Nicaud, J. M.; Skinner, H. B.; Vergnolle, C.; Kader, J. C.; Bankaitis, V. A.; 
Gaillardin, C., A phosphatidylinositol/phosphatidylcholine transfer protein is required for differentiation of 
the dimorphic yeast Yarrowia lipolytica from the yeast to the mycelial form. J Cell Biol 1994, 125 (1), 113-
27. 
95. Ghugtyal, V.; Garcia-Rodas, R.; Seminara, A.; Schaub, S.; Bassilana, M.; Arkowitz, R. A., 
Phosphatidylinositol-4-phosphate-dependent membrane traffic is critical for fungal filamentous growth. 
Proc Natl Acad Sci U S A 2015, 112 (28), 8644-9. 
96. Vernay, A.; Schaub, S.; Guillas, I.; Bassilana, M.; Arkowitz, R. A., A steep phosphoinositide 
bis-phosphate gradient forms during fungal filamentous growth. J Cell Biol 2012, 198 (4), 711-30. 
 
  
30
87

 ŶǉǔBȋƊ B(>&:ƢŖğBɬ6"ŻċĐċĐɟ
ȶĐƵîǎĐǉǔǎǣǹɊ¡ĐǉǔĖţřāÀȏ¹Ƶ-ƞňȦȀ6ŭƑ<
>Ȗȱ-Țȥ(ɬ6"ŶȥŦ.ƀɛB(6"åǉǔĖÑţǍƸȁ
¹Ƶ-ľ<>ňȦȀ66"Ċ.ÑșBɬ6"ɌċĐŀƷƵƭĐɌŀ
ƷƵƭÕĐǎţřČƸūĽ¹Ƶ-:ƞňȦȀ6 
 ȭſýɨĎɲļɕȗĜ-×Ïɬ"ŻċĐċĐɟȶĐƵîǎĐǉǔǎŎȌĀǃ]
axQȗĜŎȌĖĖɖ.ŻċĐċĐɟȶĐƵîǎĐǉǔǎƕũƵƳĐǉǔĖţ
řɓĎȨ¹ƵÍĖɖ.ŻċĐċĐɟȶĐƵîǎĐǉǔǎƵƭǢŷÕĐǉǔĖƮ
ÃţřŴŸǴ¹Ƶ6"ĕɤ-ɨĎɲļɕ·.ŠĴBȋ%(ɬ"ŎȌǵðěƸ
ŊâƔ-ƞňȦȀ6 
 6"HI[aȘż."9.Ő¤BŜ¨%"ŻċĐċĐɟȶĐƵîǎĐ
ǉǔǎÆĎƵîĦĐǉǔĖËţř©ƸĪâ¹ƵåǉǔĖÑţɑƸɡ¹ƵŻċ
ĐċĐɟƳĐǠǉǔǎǀƵǣǹƵƭĐǉǔĖţřɑūĳ¹Ƶ-ƞňȦȀ6 
 ǉǔ.ō4+B(ɬ¾åǉǔǳ):?ĠŽŧêƔ (ƲMjM) -ľ<>ňȦ
Ȁ66"Ċ.×ÏÑșBɬ6"ǣǹɊ¡ĐǉǔĖ.OB:è9"
ǂ6-ƞňȦȀ6 
31
